Inadequate airway oxygenation, as reflected by arterial or transcutaneous measurements, will result in a greater tendency to develop pulmonary vascular hypertension and cyanotic episodes associated with a right to left arteriovenous intrapulmonary shunt.3 Such episodes may be induced by crying or handling,3 4 feeding,5 and infection. 6 They are potentially dangerous and may result in a pulmonary vascular crisis (a major hypoxaemic episode) or sudden death. 7 In addition to the acute and episodic development of a right to left intrapulmonary shunt, chronic intrapulmonary shunting from inadequate airway oxygenation may produce hypoxaemia over and above that directly due to alveolar hypoventilation. Such shunting may also lead to interstitial pulmonary oedema, similar to that arising from high altitude exposure8 and may explain why diuretics are of value in some patients with bronchopulmonary dysplasia (see later). While we may use diuretics for established pulmonary hypertension and right heart failure, we would advocate the prevention of this complication. The presence of an accentuated pulmonary component of the second heart sound, right ventricular hypertrophy on electrocardiography or echocardiography, and cyanosis on crying or feeding indicate that airway oxygenation has been inadequate.
The persistent abnormalities in lung surfactant, which have been demonstrated in infants with bronchopulmonary dysplasia,9 may also result from underperfusion or hypoxia of the alveoli. Thus an adequate airway oxygen tension and adequate effective pulmonary blood flow (that is, without a shunt) may also be important in maintaining function of the alveolar type I and type II cells.
Inadequate oxygenation may also be one cause of the failure to thrive seen in patients with bronchopulmonary dysplasia. There is evidence that additional inspired oxygen may reverse poor weight gain10 and that weaning infants from additional inspired oxygen too early such that they sustain prolonged periods with arterial hypoxaemia (arterial oxygen saturation (SaO2) <95%) may divert energy from growth (J R Groothius; Ross Laboratories Special Conference on Bronchopulmonary Dysplasia, Washington DC, December 1989).
Non-invasive and continuous monitoring of oxygenation would ideally involve both accurate transcutaneous oxygen tension (TcPO2) and SaO2 measurements. Fanconi has shown that pulse oximeters from different manufacturers have different responses, and that before clinical use in neonates they should be validated against arterial line samples measured using a co-oximeter which compensates for fetal haemoglobin. 1 " The Neilcor and Ohmeda pulse oximeters are the models most adequately validated in infants,11-13 although the Ohmeda is less adequate at detecting hyperoxaemia'4 and may under-read the true SaO2. ' In this age group TcPO2 is far less accurate at detecting airway hypoxia than pulse oximetry, in part because of changes in skin blood flow with increasing age.'6 Moreover, the oxygen dissociation curve can be shifted to the right or left depending on 2,3-diphosphoglycerate and fetal haemoglobin concentrations,17 thus altering the relationship between arterial oxygen pressure (PaO2) and SaO2. Although TcPO2 is useful as a trend measurement (see later), we find pulse oximetry a more accurate measure of arterial oxygenation and therefore more useful in the definitive evaluation of airway hypoxia.
Before ensuring adequate oxygenation for any infant it is essential to know what is normal at that age and gestation."8 Two recent investigations performed in our department are relevant. Overnight (12 hour) tape recordings of beat to beat SaO2 (using a Neilcor NIOO pulse oximeter), breathing movements and electrocardiogram have been performed on healthy full term infants at the following ages: in the first month of life (n=43), at around 6 weeks of age (n=67), at around 3 months of age (n= 19), and around 6 months of age (n= 18). At 6 weeks of age, the median value for the baseline SaO2 during regular breathing, a state closely correlated with quiet sleep, was 99-8% (range 97-0 to 100%).
In a similar study on an unselected sample of 66 preterm infants at the time of discharge from special care, the median baseline SaO2 during regular pattern breathing was 99-4%. Moreover, 63 of the 66 subjects had baseline values above 95%.
Thus We use this treatment if more than 40% inspired oxygen is required to maintain SaO2 at 95 to 98% when quiet or asleep, if there is evidence of noticeable respiratory distress with failure to thrive, and to help in reducing the deterioration that occurs when some infants are weaned from systemic corticosteroids. It is also valuable during intercurrent respiratory infections, particularly in situations where respiratory failure is worsening and further respiratory support is indicated. Being non-invasive it may be used earlier than one would subject an infant to intubation" and without the adverse haemodynamic effects produced by intermittent positive pressure ventilation (IPPV). Although positive airway pressure techniques increase ventilation, they increase pulmonary vascular resistances and reduce cardiac output and effective pulmonary blood flow. Thus the gains from improved ventilation may not be fully reflected by improvements in tissue oxygenation. Negative extrathoracic pressure improves ventilation and pulmonary perfusion. Negative pressure may be continuous (CNEP -6 to -8 cm H20) or intermittent (intermittent negative extrathoracic pressure of -35/-6, rate 10-60/minute). The latter is initiated when there is increasing carbon dioxide retention or the infant has become tired. CNEP may be given overnight only; the patient breathing unaided during the daytime. (5) In the systemically ill infant (that is, with a fever, a leucocytosis, increased C reactive protein, and additional changes on chest radiography) we will administer a minimum five day course of broad spectrum intravenous antibiotics.
There Those with bronchopulmonary dysplasia are probably at greater risk, whether in hospital7 or at home.47 Although these deaths may not be classified as sudden infant death syndrome, the mechanism being thought by some Table 2 Items for discussion at discharge planning meeting
(8) (9) (10) ( 1 1 (see table 3 ). After negotiation BOC cylinders can usually be replaced when empty by the hospital pharmacy, but if used frequently this may be impractical. Small pin indexed cylinders are available (£494, SOS, Richmond, Surrey) which allow refilling at home from a single large cylinder. This is ultimately more convenient for parents, but involves a more expensive initial outlay for the hospital. Oxygen concentrators and small cylinders in most instances will need to be equipped with low flow meters. These are not prescribable by the family practitioner, so must be provided by the hospital and fitted by a qualified technician. De Vilbiss, however, supply them with their oxygen concentrator (for £150, payable by the hospital) and Omnicare may soon follow. Stocks of low flow meters are not large so one should allow ample time for ordering before discharge home.
We have found it preferable to supply oxygen through nasal cannulae as described earlier.
Although lower flows can be used with a pernasal pharyngeal catheter, partial occlusion of a nostril and an increase in nasopharyngeal secretions may be a disadvantage of this technique. For emergency use the parents may also be provided with an Ambu bag and face mask of a size suitable for the baby.
Supervision of home oxygen treatment requires regular visits by a specialist nurse who can monitor the infant's oxygen requirement with a headbox and oxygen analyser (as described above), as well as give advice about the clinical aspects of adequate oxygenation. At the time of the visit the nurse will also measure, using a pulse oximeter, the SaO2 of the baby Southsall, Samuels there is a fever. All parents are given instruction in the accurate measurement of axillary temperature and taught how to observe an increase in chest wall recession, a useful sign of respiratory distress (C J Morley et al, personal communication).
Often the baby will manifest low TcPO2 values during an intercurrent infection or immediately after immunisation. These changes are due to either arterial hypoxaemia or reductions in skin blood flow, reflecting the presence of a non-specific illness. We suggest that whenever low TcPO2 values are encountered, they are checked immediately against a pulse oximeter in order to be sure that the infant does not require additional inspired oxygen and/or admission to hospital. In the meantime parents are advised temporarily to increase the inspired oxygen through the nasal cannulas.
NUTRITION
Sometimes it is necessary for feeds to be partly or wholly given by nasogastric tube at home. After appropriate training many parents become adept at passing a nasogastric tube and most would be able to feed their baby using this method. It may also be necessary for milk to have carbohydrate and/or fat supplements (as described earlier). We continue folic acid, iron, and multivitamin preparations until the infant has been weaned onto a mixed diet.
RESPIRATORY SUPPORT
It has sometimes been possible to discharge the infant while still receiving negative extrathoracic pressure respiratory support and for this to be provided at home. In patients who are dependent on this only during the overnight period, we have found that the risks of remaining in hospital outweigh the difficulties of applying this at home. The application of CNEP by parents can be readily taught, but of course, parents need regular supervision with immediate access to the hospital.
EMOTIONAL SUPPORT OF THE PARENTS AND THE BABY
Infants who have severe chronic lung disease and have had prolonged intensive care will be a continual source of anxiety for both parents. It is important that the information they are given is honest, consistent, and regularly updated. This may be difficult when working on a busy unit. Thus the help of other counsellors and therapists may be particularly valuable in providing support. Lines of communication should always be available, and staff should be prepared to advise on more mundane needs such as financial and organisational problems.
PSYCHOMOTOR DEVELOPMENT
It is important that infants with bronchopulmonary dysplasia are given extra exercises and stimulation. Having had protracted neonatal intensive care, their development will more likely be hindered. Parents can be shown by physiotherapists how to stimulate their child appropriately for optimal development. In addition, the consultation of a speech therapist may help prevent the development of feeding difficulties. Once again it is important that any therapist or member of the Portage scheme who visits the infant at home does not do so if they have a respiratory infection.
TRAINING IN CARDIOPULMONARY RESUSCITATION
Provided that airway oxygenation is adequately maintained, cyanotic episodes should not be a problem in these patients. Nevertheless, all parents should be able to provide bag and mask ventilation with 100% oxygen and external cardiac massage. This is taught to our parents by clinical nurse specialists with the help of a Resusci Baby (Laerdal Medical), video, and resuscitation manual (the latter available on request). We ask British Telecom to provide for priority repair in the event of faults developing with the home telephone. We also alert the local casualty department and ambulance station concerning the possibility that such an infant will require emergency attention.
Conclusions
There are many new ways in which one can help the infant with bronchopulmonary dysplasia. Most important of these concern the adequate management of airway oxygenation, the monitoring of skin oxygen levels, the avoidance of infection, and the provision of an adequate diet.
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